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ABSTPACT , ^ 

Research studies in which severely retarded ad'ults 
have been trained to perform complex industrial tasks are reviewed. 
It is ^explained that results demonstrate that retarded workers can 
learn to insert electronic components into a printed or etched 
circuit board. Reported is a pilot study which is investigating two 
adult retardates' ability to assemble a large number of "par;ts using a 
match-to-sample training procedure. (CL) 
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\p our society, what a person does and, how much he earns determinates 
hi's value and the level of respect^ he holds with its other members. \ 
Hfstorically; the retarded. have not participated in th€ labor market ^ 
because i:hey were thought ^capable of making a significant contributi^ 

to it. They have been perceived as a surplus, along with the aged, 

' ■ • ^ ■» • • 

hardcore unemployed ar^l others, (Farber 1968) without the training or 

. ^ . ^ 

skills necessary to fill e^^isting jobs. Consequently, vthe retarded 
const! tut^^ one of the largest segments of f^e unemployed population wi th 
a great' deal of energy and mor\ey spent oa. their maintenance. Gold 
^1972) states, ^Some of the energies presently used for ftiaintenance of ^ 
thl^ unproductive portion of the population shou.ld be directed toward 
training the retarded to somehow effectively conipete in the labor market 
With other timbers of the surplus population who are not additionally 
stigmatized by the 1 abel retarded ' 

Gold has*clearly demonstrated that moderately and severely retarded 
"individuals are capable of performing much more complex work than has 
ever been thought possible (1969, 1972). Even wl th, the establishment of 
this new knowfedge, very little is being done to train the retarded to 
do complex work or to give th^m the skills necessary for remurxerative 
employment. 

A program designed to develop training procedures for giving re- 
taVded "individuals skills to as^mble complex industrial tasks has been 
conducted at Children's Research Center, University of Illinois since 
I960. Han^ of the procedures developed are being successfully employed 
^by^gencies serving the retarded. Most of the work tasl<s currently 
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avallabte to the retarded, however, are of a highly simpl if ied^and 
repetitive niature and do not requi re sophisticated training techni^ques. 
Studies to develop training/procedures forcomplex work tasks which are 
^or could be available as /eaV subcontracts for rehaiiff 1 i tat ion agencies 
are currently being undertaken. The tasks' being used are electronic 
printed or etcKed cir/uit boards (P.'C. boards). P.C. boards we/e se- 
lected because of t^heir apparent corripjexity and f eas.l.^J 1 i ty as a source 
of Wprk for this .{bopulation. Preliminary studies by M^^w^in (1973, 
197A) Indicate (he potential for inoederaiiely and severely retarded ^ 
per5ons to pe/form this type of work. - : 

In her studies Merwin investigated the effects of pretraining upon 
the traiinjng and transfer of P.C. board assembly utilizing a match-to-^ 
sample tr'raining procedure. The initial study used adult residents of 
a sta^e institution. Their mean IQ was 55 (range 23 to 92). 

Learning^ assemble a circuit baard iS considered to be primarily 
a discrimination task. Form, size and color of the individual components, 
6S well as their position on the board are^ the rel evant dimensions -tp be 
learned. Consistent with the,Attentiofi Theory^ of Zeaman an<l House . 
(1963), the purpose of the pretraining was ^to help direct the subjects* 
attention to tliose relevant dimensions. It was, believed that prior 
k\owleklge of the relevant dimensions might enhance the learning and 
transfer of the dj scr imi nat Ion skills required in assembling the boards. 

Conditiort? of visual discrimination pretraining were varied f^^^ 
Xhree groups using, a mul ti ple-choi qe visual discrimination apparatus 
(Scitt, 1970). After complet^ing the pretraining all subjects were 
trained on the assembly of two similar P-.C. boards. 
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-. la pretrainiVg one group (Gr^p 1^ was askecf to solve match-to- . 

sample problems contaif)inq raul 1 1 -d Imensional junk stimuli (e.g., pictures 

of'a dog, tree, /etc..) . THfe purpose of the junk stimuU problems was to 

•■■'/..•■ 0 ■ 

familiarize th^ subjects with m'atch-to-sample type problems, and was not 

A ' •' • 

^intended to systematically direct attention to the color and form di> 
mensions. After pretraining ijhey began training on the^board itself. 
The second group (Group II) w^s a^ked to solve junk stimuli problems. ^ 
After learning the junk problems they were presented with problems 

involving electronic components as stimuli-, and f i nal lyj-^ets of problems 
of P.C. boards with increasing numbers of components . When thefy were 
^able to discriminate pictures of boards Wtai ni ng 1 2 d i fferent . components , 

trailing on the^tu^ .boards was begun.. The purpose of the problems t. 

contain irjg-fhe component s'^as to direct the subjects' attention to the 

color and form dimensions. The P.C. board" problems included the dimension 

< 

of position as well ^s col of and fonm. 

The f inal' group (Groiip 1*11) first received prolTlems consisting of 
7 . ■ 

geometric form stimun whl ch 'd i tfered in color and form. After learning 
^ the geometric form problems t¥e sitbjects were presented wi^ the component 
problems followed by the (^i rcui t. board problems. 'The i'ntention of the 
geometric form prob I'ems' was to make the^d imens ions tof^coTor and form , 

more salient. /' , ; i 

/' 

Thirty-nine of the subjects (88.6:^) Vearned to assembl e ' both the 

'A * 

training and transfer P.C. /boards each to a criterion' of five consficu- 
-tive correctly assembled boards. The mean number of trails to criterion 
across both boards was 16.5 and the mean total time for pretfaining, 
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training and transfer was 170 minutes. The effects of pretraining on 
task assembly training were Mncdnsls,tent/ In accordance with the theo- 
. ret leal assumptions of the pretraining, Group lit (geometric forms) had.^ 
superior performance in training and transfer as pre^^dicted- .Since Group 
II refeW^d identica'l pretrainjng, excjspt for the Junk stimuli problems 
in place of the geometric form problems, it was predicted that their 
performance' would be qlose to Group III- Group II had the poorest 
performance, with Group I (Junk stjmuli only) falling between .Group. II 
ajid I'll. Altjj[ough differences between groups occurred, the differences 
did not^reach statistical lsignificance^4 
' \^ Suggested iaterpretat|on3 are thaT* the .geometric forms pretraining 
had a slight effect on assembly acquisition, that experience with match- 
to-sample problems is fa^rilitative in learning the circuit board task, 
or there was no pretraining effect at all, 'and direct training on the 
board would have been as f aci 1 i tat ive. Since there was no control group 
that received only direct training, the latter question could not be ^ 
addressed. , 

A significant transfer effect on the second board was obtained* for 
all groups. Whether this was due to pretraining effects, to the training 
on the first board, or to the combination of the two has not been resolved. 

Nn her next study llerwin attempted to resolve the unanswered questions. 
The second study used 60 institutionalized d-dults. Their meian IQ was 
S9.66 with a range of lO to 77- As with the first study the type and 
amount of pretraining were varied between groups. The first group 
received only'direct assembly training on'a 12 component circuit board.. 
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Following criterion they were presented with a second board wltlj different 
cemponents in different ()Ositlons (transfer). The second group was 
given matching pretralning in the form of match-to-sample slide problems 
(components and ciF^uit boards) which was followed by training and 
•transfer'. The third group received the matching pretralning (the slide 
problems), followed by placement pretralning and finally training and 
transfer on the two t^oards. Placement pretralning cons-lsted of manlpti- 
lation and/ insert Ion of six'of one type of component in a board. ° By 
uslng>l;^eDJJ^-GOmpLOne^ color and form dimensions were held constant - 
with only po^l t ion^al 1 owed to va1*y^... 

' plrty-eight out of the sixty subject^ (80'4) reach criterfon on both 
bo"^rds. The data failed to show a significant pretralning effect, it 
appears the direct training on the task is as effect ive^ajid efficient as 
the forms of .pretralning employed irt the study. As in the first study^ 
a strong transfer . effect was foun/ for^^-H^hree groups. Since most 
?X. boards are similar with regard to the refevant dimensions (color, 
form, position) for the discrimination necessary for assembly, the 
general izabi 11 ty of the transfer effect to most other P.C. boards seems 
probable. The mean total time for aU three groups to reach criterion 
was Ihk minutes. 

The training teichnlques generated from the previous studies indicate 
t\at retarded workers can learn to insert electronic components into a 
P.C. 'board, ^^he P.C. boards that are assembled in the electronics . 
Industry usually contain many more components than subjects in the prlgr 
studies were required to do. The assembly of the boards also entails 
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additional steps such as bending the componeat leads, cutting and crimping 
the leads, riveting some parts, and in some cases soldering the components 
in plac^. 'The Merwin^ Studies provide suff>icient encouragement to > 
investigate whether retarded workers can do these^other steps and how 
many components they can assemble. Pilot work addressing these questions . 
has been started using a circuit board consisting of ^5 components. 

The P.C. board task being/dsed is one that* is currently J)roduced by 
an electronics company in J^e midwest, the components Include resistors, 
capacitors, and diodea^ich fnust be bent, inserted in a sped fi c place ' 
on the board and a specific position, and cut and crimped. In addition 
to the Ins^^pfon components, there ^re parts that must be mounted and 
riveted Into place, and others that require mounting with small bolts 
and nuts. ' > <^ \ 

Two subjects from a sheltered workshop in Champaign, Illinois have 
been selected topilot our procedures. One is a 28 year old female with 
an IQ of 35 and the other is a 25 year old male with an IQ of ^8, Both 
subjects were chosen because they were described by their supervisors as 
functioning In the trainable range with no gross motor or sensory problems 
and as being cooperative individuals, 1 1 was. decided that Individuals 
witli those characteristics would best serve to answer the initial questions 
-being asked in the pilot work. ^ 

A question being Mnvestigated is, can they learn to assemble a 
large numbef of patlts usi ng the match-to-sample training, procedure? The 
Initial task consists of the InsertJprt of 32 pre-bent components into 
their appropriate positions on the board. In thl„s task they are^also 

I 

, • . 0 * ■ 

AAESPK REVIEV/ ' September, 1975' Issue One: Vol . 1 




Work Skill Training Procedures ' i / / ^^^^ ^ 

required to insert the parts with the markings on the components, i^i 
identical pos'i tions" as found on the sample. Some p4rts have Tetters, or ^ 
numbers, of jjoth faci,ng in a specific, direction. Some of the other 
components have color, bindings, if a part is inserted ups ide down . I t is ■ 
considered an error and the subject must correct [t. in actuality, many 
components can be assembled with either lead in eitlier hplie v' S^**^"^^ 
the marlcfngs on some of "the components must be able to b/jread or have 
specific polarities, how thev^ eye positioned is critical. 

At the present time, the male subject has reached our criterion of 
- five consecutive insertions of all 32 components (five boards) witlioiiT 
error or assistanc^. Th^ tota) amount of trials needed fo j^each cViterioh: 
was 19, which .took seven training sessions, one per day. The toal time 
to criterion was \k\ minutes averaging seven mi'nutes and seconds per-, 
trial. The subject was run 19 trials past criterion to determine the 
validity of our criterion, consistency, and also to get a feel for 
■production. In the 19 trigls, which consisted of "eoB inserti'ons, he. 
made four errors. The mean time per trial" was five minutes and 32 
seconds, depreasing^over trials, and at this time is still going down. 
•An Interesting incident took place with this subject during the 
I post criterion trials. On the table wherc^the Subject was engagejl-'f n 
the task was a correctly assembled^ ci rcui t board with al M^^^mponents. 
' ' After completing his work'the subject, who is almost^ntSnverbaK pointed 
^ to the completed board.' He was t^^d that .he ^ou-fd s'oon learn to assemble 
' the rest of the board -In addition to the parts he already knew. The 
subject then, proceeded to polfit to the new parts on the complete board 

^ "... ' 
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and show the experimenter where tb^y w^nt on 'his boarfl. He already knew 
the rest of the a^s'^J^]y wfthbut ever having been directed; toward It. 
^ Another I nt^resrtlni^l event occurred during the post criterion period. 
V/hile assembling ^^ard he got out of sequence and had six parts in , 
wrong* places ./^e seemed to know something was wrong and expressed 



'concern. Thfe. exper Ifliehter said "That isn't correct, Francis, fix It.'* 
Using the ^ample hoard^tis a guide he proceeded. to correct the mistakes. 

The second Subject has not yet reached criterion. She has had 22 
trials to date/&rvd her number of errors has gone' down from approximately • 
t8 per trial t (ft 'two on her last three trials. The time per trial has 
also decreased from over 20 minutes Initially to about 12 minutes currentTy 
Her problem" Is In attending to the writtng or color coding on the parts. 
If reminded to attend she will Insert the part correctly, If^ not the 
part will go on correctly or Incorrectly depending on how It was picked 
up. , 

' ' ' s 

Two experiments and work with two pilot subjects have been discussed. 
These data strongly suggest thdt additional Investigation Is warranted. 
Current plans Include: 1) The running of additional subjects to verify * 
the findings to date^' 2) The development of tralnlag procedures for lead 

bending, small tool usage, and soldering; 3) Doing the circuit board 

.* 

used In the pre&ent pilot work as a' remunerative subcontract; Obtaining 
several other subcontracts and training workers In order to validate the 
training procedures; and 5) To create an electronlxs factory for the 
purpose of documenting and marketing the skill competencies of the 
sev^^?eTy handicapped*. , 
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The severely handicapped shoul(^be granted the right to full partici- 
'^p^ion in socipty. An important -area of participation is work. De- 
ternyTning th?ir true. capabi 1 i t ies^n this area and giving them the means 
for reaching- those capabilit|6s is providing an option previously not 
available. Whether or, not they wl 1 1 be able to exercise that option 
remains to be seen/ Today's society will have to undergo major modifi- 

cations for' the^full integration of the handicapped to occur. Helping 

/ 

them to develop spphi st 1 cated manual work skills may be the most effect I've 
means^^?^6ccompl Ishing that goal. ' • • ^ 
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